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ABSTRACT: (;eneral food habits are discussed for 1 1 species of small marine mammals beach-east in northern

California. The collection method allowed tabulation only of the kinds, numbers, and percentages of fish,

molluscan, and crustacean prey.

Dominant food species for all male Zaiophus californianus were the following: Merluccius productus (62.8

percent of occurrence), Engraulis mordax (23.8 percent), Scorpaenidae (6.3 percent), Porichthys notatus (3.2

percent). Octopus and Loligo also occurred in 7 (23.0 percent) of 3(1 California sea lions examined.

Nine of 19 individuals of Eumetopias juhatus contained food remnants of fish; 10 new dietary items are

reported. Seven of the nine also fed on invertebrates, including four kinds of cephalopods. Scorpaenidae 31.2

percent of occurrence). Merluccius productus (21.7 percent), Pleuronectidae ( 17.3 percent), and Chilara laylori

(11.8 percent) were the principal fishes identified.

Eight of 12 Phoca vitulina stomachs contained food (6 with fish, 2 with invertebrates). Embiotocids (41.9

percent of occurrence). Lycodopsis pacifica (27.9 percent), Pleuronectidae (9.3 percent), and Hexagrammos

decagrammus (9.3 percent) were the dominant fishes. The only cephalopod identified from Phoca was Octopus.

The stomachs of all seven individuals of Lagenorhynchus ohliquidens examined contained food. Osmerid

fishes, Porichthys, and juvenile rockfishes were the most frequent items identified. The presence of five genera

of cephalopods suggests that Lagenorhynchus can take a wide variety of prey from several habitats.

Juvenile Scorpaenidae, Engraulis, Merluccius. and Microgadus made up 97 percent of the diet of 20 individuals

of Phocoena phocoena. The abundant cephalopod Loligo was a primary invertebrate food item and was ingested

whole.

Introduction

The objective of this study is to summarize

the literature on the diets of smaller marine

mammals in the eastern Pacific and to report on

the contents of 102 stomachs from five pinniped

and six small cetacean species. The purpose has

been to make a thorough scrutiny of published

dietary knowledge and analyze stomachs of

beach-cast specimens. Particular attention has

been directed to reviewing all records on feeding

controversy. It has been argued for many de-

cades that marine mammals compete with com-

mercial fishing industries (Anonymous 1901;

Townsend 1918).

Marine biologists in California have ques-

tioned the impact of marine mammals on the

state's fisheries for at least 100 years (Redding

et al. 1875; Rutter et al. 1904; California Division

of Fish and Game 1927; Hedgpeth 1944; Ander-

son I960; Frey 1971; National Oceanic and At-

mospheric Administration 1974). The report of

the California Commissioners of Fisheries for

the years 1874-1875 (Redding et al. 1875) stated

[4091
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clearly that sea lions and seals were protected

by special enactment, with penalties imposed on

any person who should kill or disturb the beasts.

On the basis of the observed "hundred-fold"

increase in the populations of seals and sea lions

at the entrance to San Francisco Bay over the

previous ten-year period, the Commissioners

recommended the killing of nine-tenths of the

existing population. It is unclear as to what ac-

tion, if any. resulted from this recommendation.

Scammon ( 1874) stated, "A few years ago great

numbers of sea lions were taken along the coast

of Upper and Lower California, and thousands

of barrels of their oil were obtained." The state-

ment describes the period before the enactment

of regulations protecting California pinnipeds.

On the west coast of North America, most of

the commercial seal and sea-lion killing stopped

about 1860 (Bon not 1928).

The problem of a declining fishery was aired

before another commission at San Francisco in

1899, and on 27 April 1899, permission was

granted to kill sea lions along the coast, includ-

ing lighthouse reservations (Bonnot 1928). The

data from stomach inspections, gathered by Pro-

fessor L. L. Dyche in 1899, were published by

C. H. Merriam (1901a, 1901b). These publica-

tions were an attempt toward a critical exami-

nation of stomachs from slaughtered sea lions.

A view held by many was that stomach analysis

was utterly useless, for the observed fact was

that sea lions pursued salmon through the Gold-

en Gate as far as Sacramento (Anonymous

1901). Thousands were killed before the Treas-

ury Department prohibited wholesale slaughter

on government lands on 31 May 1899 (Merriam

1901a). The destruction of sea lions was justified

by the belief that the declining shad (Alo.sa sap-

iJissinui), salmon (Oncorhynchus spp.), and

striped bass (Morone saxatilis) fisheries would

thereby increase, but little evidence was gath-

ered to verify or deny such claims. The U.S.

Fish Commission, the Secretary of the U.S. De-

partment of Agriculture, and the New York

Zoological Society opposed the decisions of the

California Fish Commission (Anonymous
["Steelhead" pseudonym] 1901).

The controversy over control of sea lion pop-

ulations pitted biologists C. Hart Merriam, Bar-

ton W. Evermann, and William T. Hornaday

against David Starr Jordan, Charles H. Ciilhert,

Harvey W. Harkness, and N. Baird Scofiekl

(Starks 1918; Townsend 1918, 1919). The 1904

report of a Federal commission appointed to re-

view the situation contains the first published

list of stomach contents of a series of California

sea lions (Zalophus) and northern sea lions (Eu-

metopias) (Rutter et al. 1904).

In 1914-1916, the Newcombe Commission

gathered basic biological field data in British

Columbia (Newcombe and Newcombe 1914;

Newcombe et al. 1918). Twelve of the 14 north-

ern sea lions examined contained intact herring;

however, food items consumed by these sea

lions throughout the year were not documented.

Early in the 20th century, suggestions were

made to harvest young sea lions, following the

example of the Newfoundland harp-seal indus-

try. Haip seals {Phoca) had been cropped an-

nually for 100 years with an annual take of pups

exceeding 200,000. Recommendations for con-

trol of pinnipeds in California gained the support

of many prominent biologists (Townsend 1919).

Following an investigation at the lighthouse

reservation on Ano Nuevo Island (Evermann

1921), it was stated that surplus bulls on this

rookery could be killed (Evermann and Hanna
1925). This is the earliest example of a recom-

mendation to harvest marine mammals along the

California coast based on biological information.

Because sea lions and seals are polygamous, it

was felt that 10 percent of the excess males

could be killed, but for economic reasons the

cropping was not carried out (Rowley 1929).

Target clubs obtained military surplus guns and

ammunition and "practiced" on the Santa Cruz

and San Mateo coast pinniped populations. Ap-

parently this activity frightened the pinnipeds

enough to cause their departure (Herb Steindorf,

local rancher, pers. comm.. 1969). Fishermen

still ask permission to kill sea lions, and numer-

ous reports of damage to the fishery continue to

this day.

Between the late 1920"s and 1972, when the

Marine Mammal Protection Act was passed,

certain marine mammals were fully protected,

but commercial and sport fishermen (actively

fishing from boats) could kill sea lions and har-

bor seals interfering with their operations (Cal-

ifornia Fish and Game Code, Sections 3002.

4500). Thus fishermen could protect their nets,

tackle, and fish from damage by marine mam-
mals. The California Fish and Game Commis-

sion reserved the right to reduce the population
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and to require permits for educational display or

scientific taking of sea lions or seals. The sea

otter (Enhydra lutris), Guadalupe fur seal {Arc-

tocephalus townsendi), and elephant seal {Mi-

rounga angustirostris) were fully protected.

State laws applied only to the seals, sea lions,

and sea otter; no regulations concerning ceta-

ceans were in effect until the enactment of the

Marine Mammal Protection Act of 1972. This

protection placed an immediate moratorium

upon the taking and importation of all marine-

mammal products into the United States (Na-

tional Oceanic and Atmospheric Administration

1974). The oft-repeated complaint about the lack

of life history data on most of our common
species of marine mammals is still valid (Starks

1918; Anderson 1960; Peterson and Bartholo-

mew1967; Briggs and Davis 1972). Even the age

at puberty and physical maturity of the Califor-

nia sea lion (Ztdophus cidifornianus) is un-

known (Harrison 1972). There are few published

accounts of marine mammal life histories, and

these studies seldom contain precise information

on food habits (Bartholomew 1967; Orr and

Poulter 1965, 1967; Peterson and Bartholomew

1967; Peterson and LeBoeuf 1969; Odell 1971;

Seed 1972). General publications on marine

mammals seldom contain significant or specific

information on food habits (Sergeant and Fisher

1957; Slijper 1962; King 1964; Evans and Bastian

1969; Daugherty 1972; Orr 1972; Ridgway 1972).

Notes on food habits of pinnipeds have been

reported in the literature since the early work of

L. L. Dychein 1903(Bonnot 1928, 1932a, 1932b,

1951; Scheffer and Neff 1948; Scheffer 1950a;

Mathisen 1959; Mathisen et al. 1962; Thorstein-

son and Lensink 1962; Fiscus and Baines 1966;

Morejohn and Baltz 1970; Briggs and Davis

1972).

The literature on distribution, food habits, and

life histories of small cetaceans is less extensive,

and wholly inadequate. While the federal status

report to the Secretary of Commerce (National

Oceanic and Atmospheric Administration 1974)

is the most complete summary of studies to date,

natural history data are lacking even for the

most common species. Cetaceans have not had

a reputation for eating commercially important

fishes nor for harassing fishermen. Until 1972

there were no federal laws protecting or regu-

lating the capture of small whales or porpoises.

Recently large numbers of porpoises have been

killed during tuna-fishing operations (Perrin

1970). Papers dealing with food habits of ceta-

ceans are widely scattered (Scheffer 1950b,

1953; Brown and Norris 1956; Tomilin 1957;

Wilke and Kenyon 1952, 1957; Wilke and Ni-

cholson 1958; Norris and Prescott 1961; Fitch

and Brownell 1968; Loeb 1972; Perrin et al.

1973).

More study is needed on feeding rates and

feeding phenomena (Sergeant 1968, 1969). Fast-

ing periods and basic metabolic rates obviously

affect calculations of the impact of marine mam-
mals on the food resources of the sea. The role

of marine mammals in overall ocean ecology

needs further study. Current knowledge of food

chains and trophic relationships of marine mam-
mals has only recently been given attention by

marine ecologists (Steele 1970).

Materials and Methods

During this study, I examined 102 specimens

found dead on California beaches (Table 1). The
11 species of marine mammals studied (Fig-

ures 1 and 2) include two phocids, Mirounga

angustirostris and Phoca vitidina, and three

otariids, Euinetopias juhatus, Zalophiis califor-

nianus, and Ccdlorhiinis ursinus. The six ceta-

cean species represent three families: Phocoe-

nidae, Phocoeiui phocoena and Phocoenoides

dalli; Delphinidae, Delphinus delphis, Grampus
griseus, and Lagenorhynchus ohliquidens: and

Physeteridae, Kogia siinus.

Where feasible, specimens up to about 100

pounds (45 kg) were removed to the laboratory

and data were recorded on standardized sheets

(Norris 1961; Scheffer 1967). Where terrain or

tidal conditions did not allow removal, carcasses

were measured in place. All possible standard

measurements were taken.

The skull, baculum (when present), and stom-

ach were collected from specimens too large to

move. All material was labeled and taken to the

laboratory for careful examination. Osteological

material from each specimen was tagged and

cleaned by standard museum techniques. Thir-

teen stomachs were donated by personnel of the

California Academy of Sciences.

After initial external cleaning, 25 stomachs

were filled with cool tap water and measured to

obtain an average stomach volume (Table 2).

Each water-filled stomach was drained of its
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Table I. Number of Marine Mammai Stomachs Examined in North-Central California, 1968-1973; (// = 102).

A total of 68 stomachs contained food items; of these, 61 had fish remains. .'^.^ invertebrates.
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Table 2. Average Stomach Volume of Three Species of Marine Mammals as Measured by W^ter Displacement.
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Table 3. Total Number of Fish Otoliths Found in 22 Specimens of Cetaceans, North-Central California,

1968-1973.
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Table 4 Total Number of Fish Otoliths Found in 38 Specimens of Pinnipeds, North-Centrai California.
1968-1973.
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Table 6. Number of Individual Fish, Grouped b\

Niche, Found in the Stomachs of Marine Mammals
FROMNorth-Central California, 1968-1973.

Schooling Bottom- Inshore

Sample (open dwelling (school-

size water) (rocky) ing)

Zulophus
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case of the brown cat shark (Apristurus hriin-

neus), which was identified using the description

and photos in Cox (1963). This species of shark

is found in deep water from British Columbia to

Baja California.

Eumetopias jubatus, Northern sea lion

The northern sea lion has been studied more

intensively than most other North Pacific pin-

nipeds. This sea lion occurs along the eastern

Pacific coasts from Alaska to California, where

its relationships to commercial fisheries have

been studied extensively. In general, these stud-

ies reveal that fish and cephalopods are the pre-

ferred foods.

In 1899 L. L. Dyche inspected 25 sea lion

stomachs from near Monterey Bay, California.

All specimens referred to by Dyche contained

squid or octopus.

The original manuscript Dyche sent to C. H.

Merriam in 1901 did not specify which sea lion

was involved. This partially handwritten docu-

ment mentioned only the common identification

"California Sea Lion" (Unpublished manu-

script, Dyche 1901. C. H. Merriam file at Mu-

seum of Vertebrate Zoology, University of Cal-

ifornia, Berkeley). When Merriam (1901a, 1901b)

first published Dyche's data, he did not indicate

whether the northern sea lion {Eumetopias) or

the California sea lion {Zalophus) was involved.

Later, Dyche (1903) used the name "Zalophus

calif oruianus Lesson" beneath the general title

of "Food for California Sea Lions," suggesting

that California sea lions were examined. Thus

it was long believed that all sea lions examined

by Dyche were Zalophus. Briggs and Davis

(1972) have pointed out that at least some of

Dyche's specimens were Eumetopias juhatus.

Since only 7 of these 25 sea lions deposited at

the University of Kansas are extant today, it is

not possible to make positive identifications for

all of Dyche's specimens (R. S. Hoffmann, Cu-

rator Univ. of Kansas, pers. comm. [1973]). Al-

though the 7 extant specimens are northern sea

lions, it is possible that all 25 of the originally

collected specimens may not have been this

species.

Northern sea lions have been reported to feed

at night (Rowley 1929; Bonnot 1951; Mathisen

1959; Mathisen et al. 1962; Spalding 1964; Seed

1972; Mate 1973). Fiscus and Baines (1966)

sighted feeding groups of up to several thousand

animals 8-22 km out in Unimak Pass, Alaska.

It would be of interest to know if the individuals

observed feeding returned to the hauling-out

area each afternoon with engorged stomachs.

Daytime feeding behavior has been noted by

many fishermen, specifically long-line and drag-

boat operators (Kenyon 1952a).

An interesting examination at the cannery

dock at the mouth of the Klamath River was

reported by Bonnot (1951). Two half-grown

northern sea lions were killed, and only lam-

preys were found in their stomachs. J. C. Snyder

also examined sea lions at river mouths and

identified the remains of lampreys in their stom-

achs (Kenyon 1952b). More recently, Jameson

and Kenyon (1978) reported that 82 percent of

observed feeding behavior at the Rogue River,

Oregon, was on lampreys.

Rutter et al. ( 1904) presented data on 18 north-

ern sea lions (6 males and 12 females) from

north-central California. The eight female sea

lions containing food were taken from Afio Nue-

vo Island in July or August. Five male sea lions

from Pt. Arena ate at least 147 fish but only 5

squid. The majority of their food was fish (257

fish present in the 13 animals). The only ceph-

alopod material was from five sea lions from

both areas. This low incidence of cephalopods

does not agree with the findings of Dyche ( 1903),

but the identity of Dyche's specimens is in

doubt. In contrast, in southern California Rutter

et al. ( 1904) found only 39 fish but thousands of

cephalopods in a sample of 24 Zalophus. They

concluded that the northern sea lion feeds chief-

ly on fish, and the California sea lion on ceph-

alopods, and that both feed opportunistically.

Bonnot ( 1928) examined two northern sea lion

stomachs from San Miguel Island, California, on

20 June 1928. The adult male was empty but the

female contained three greenish eggs of a skate

or shark. Bonnot stated that this was an old,

blind sea lion and perhaps she was dying. In

northern California, at the Saint George Reef

rookery (Del Norte County), Bonnot found

thousands of shells of a tiny pelecypod embed-

ded in sea lion feces. Other investigators have

not reported analysis of scats, perhaps because

of the difficulty of locating adequate samples

(Bonnot 1928).

The literature contains a composite list of 32

fishes from stomachs of northern sea lions (Ta-

ble 7). Because of the nonspecific categories of

some fish names, I have not attempted to pro-

duce an accurate species list. Only the papers
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Table 7. Summary of Food Contents of Eumetopias (modified from Pike ( 1958) with recent additions)

LocaJitN

Season

and vear Source

No. of stomachs

(size and/or sex)

No. of stomachs,

kinds of food

St. Paul I.. Alaska Julv I949-I95I (6)

(2 females)

19—empty, I —ceph.

beak, 1-10 lbs.,

sandlance trace-starry

flounder, sculpin, 1-20

lbs. halibut, cod,

flounder, pollack.

4—large stones

Sitka to Kodiak 1

Alaska

May, July, Aug.

1945-1946

(4)

(adults)

8-empty, 15—salmon,

cod, halibut, pollack,

4—octopus

Kodiak to Krenilzin

I., Alaska

Mav-Julv 1959 (8) 382

(372 males,

10 females)

326—empty, 28—fish

(7 spp), 21—
invertebrates, 20

—

squid and octopus,

10—no ID fish. 154—

stones and gravel

Chernaburg I.,

Alaska

May, Juh 1958 (7) 114

(46 males,

51 females,

17 yearlings)

20—empty, 31—fish

(7 spp), 61 —
invertebrates, 73—rock

and sand, 24—no ID

fish. ."^ —milk

Beresford I , B.C. Aug 1913 (2)

(adults)

—empty, 1 —salmon,

"cod" and "bass"

Scott I., B.C. June. Juh 1956 (5) 56

(adults)

50—empty, 4—fish and

squid, 1 —herring,

I —octopus

•Scott I., B.C. June 1957 (5)

(4 females

4 males)

6—empty, 1 —salmon,

|_no ID fish

Barkley Sound, B.C. Dec 1915 C-) 14

( 1 1 males.

3 females)

2—herring, 1 —clam-

shell, 1 —crab, octopus

Barkley Sound, B.C. Feb., Apr. 1958 (5)

( 13 females,

1 male)

6—empty, 3—herring,

2—rockfish, 2—fish/

octopus, 1 —octopus,

skate, hake

Isnor Rock, B.C. Julv. Aug 1957 (5)

(youna males)

1 —rockfish. I —squill ant

rockfish, I —squid

British Columbi;! Feb -Dec. 1959 (9) 393
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Table 7 Contenued.
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presented by Mate ( 1973), one can calculate that

40.9 percent of the combined sample of delib-

erately collected sea lions contained food. My
method of obtaining stomach data showed that

66.6 percent of the beached California sea lions

contained food.

Fiscus and Baines (1966) examined six Cali-

fornia sea lions taken during a recent study on

fur seals. The stomach volume was recorded;

thus the estimate for feeding rates and food in-

take to body weight can be determined more

clearly. Loligo opalescens (common squid), un-

identified squid, northern anchovy, and Pacific

hake were found in these pelagic California sea

lions.

Several observations have been made of feed-

ing sea lions. Fink (1959) reported a single ob-

servation, on 25 Feb. 1959, in Monterey Bay of

California sea lions attacking a school of Pacific

sardines. Although feeding on sardines is surely

not uncommon, his vivid description of harbor

porpoises controlling the fish school and the sea

lions feeding on the periphery of the school is

the only published account of such behavior.

Ryder (1957) reported feeding aggregations of

pinnipeds and birds. At the Farallon Islands,

California, an adult male California sea lion was

seen repeatedly eating several jackmackerel

during the daylight hours on 17 and 19 Septem-

ber 1973 (T. James Lewis and Barbara Lewis,

Point Reyes Bird Observatory, pers. comm). At

Cerros (Cedros) Island, Baja California, a fe-

male California sea lion was observed feeding

beneath the surface by Bonnot (1932b), who
watched this cow eat at least six large flying fish

(Exocoetidae).

Scheffer and Neff ( 1948) noted that the anal-

ysis of only 58 California sea lion stomachs had

been reported in the literature. Of these,

Dyche's 25 specimens from the Monterey area

are either misidentified or of questionable iden-

tity. Scheffer and Neff examined four sea lion

stomachs from southern California. Two fe-

males were empty, hut the other female con-

tained evidence of at least 21 small squid. The
single male found dead near La Jolla on 26 Nov.

1943 had 36 nearly whole Pacific herring plus

fragments representing 30 other herring. All Cal-

ifornia sea lions analyzed by Scheffer and Neff

were from south of Point Conception.

Rutter et al. (1904) examined stomachs of 24

California sea lions, 13 with food, in July and

August 1901 at southern California localities.

The eight females each had 100 to 300 small

squid parts. Squid pens were food remnants in

the stomachs of three of the five males. The re-

maining stomach contents consisted of hake,

rockfish, ratfish, unidentified small fish, and

milk. Bonnot (1928) reported on these same

specimens and stated that 5 had eaten fish and

11 had eaten squid. Starks (1918) pointed out

that stomachs of two of the breeding bulls that

Rutter et al. examined did not contain any food.

According to a recent survey by scientists at

the Scripps Institution of Oceanography and

presented to the California Senate Fact Finding

Committee on Natural Resources (Anderson

I960), 24 of 30 stomachs from Zalophus con-

tained food. The only identified items were fish

otoliths, but many unidentified cephalopod

beaks also were present. Carl L. Hubbs (Scripps

Institution of Oceanography) and John E. Fitch

(California Dept. of Fish and Game, Long
Beach, pers. comm. [1973]) revealed that this

study was done by the late Art Kelly in southern

California and northern Mexico. The 424 fish

otoliths which Kelly recovered were identified

by Fitch as representing 24 kinds of fishes. Pa-

cific hake were found in 17 of the 24 stomachs

and constituted 48. 1 percent of the total otoliths.

The other fishes were cusk-eels, midshipmen,

and species of rockfish. Sixty-six (15.6 percent)

of the otoliths were of Pacific mackerel, ancho-

vy, perch, and white croaker. These sea lions

also fed extensively on squid and octopus, as

represented by beaks in their stomachs.

Briggs and Davis (1972) spent 500 hours

aboard sport and commercial salmon boats in

Monterey Bay from 14 April to 22 September

1969. They observed seven instances of preda-

tion on salmon by California sea lions. Of the

hooked fish, 4.1 percent were lost to sea lions.

I found 10 dead California sea lions along Mon-

terey Bay during the commercial salmon season

(April to September). I also located an additional

20 California sea lion carcasses farther north

(Figure 1). I found a single female California sea

lion north of Monterey Bay. Only one salmon

otolith was present among the 922 otoliths (461

fish represented) from my sample of California

sea lions.

Male California sea lions feed on a variety of

schooling fishes (Pacific hake, anchovy, rock-

fish, flatfish, cusk-eel, midshipmen, herring.
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lingcod, jackmackerel, salmon, and osmerids).

Pacific hake and anchovy make up 86.6 percent

by frequency of occurrence of otoliths from sea

lion stomachs. Schooling fishes, both inshore

and open- water types (417 otoliths) were found

in California sea lions (Table 6).

Callorhinus ursinus. Northern fur seal

Wilke and Kenyon (1957) identified five

species of fish from 204 seals (114 with food)

collected from the Bering Sea and St. Paul Is-

land. Seals collected at sea contained large num-

bers of capelin (Mallotiis villosits) and walleye

pollock (Theragra chalcognimma). Only one

salmon (Oncorhynchus sp.) was found in the

stomachs. Three seals killed on land at St. Paul

Island collectively held one salmon {Oncorhyn-

chus sp.), one walleye pollock, and two sandfish

(Trichodon). Indian hunters took 41 seals (13

empty) 30 miles (about 48 km) off Washington

in 1930. Although the stomach contents were

digested, squid eyes and beaks were reported

from 21, and identifiable herring vertebrae were

present in 15 stomachs (Schultz and Rafn 1936).

Clemens and Wilby ( 1933) looked at 25 stomachs

from the west coast of Vancouver Island and

reported that 8 contained squids. 9 had sal-

mon, and the rest had small schooling fish.

No data on the volume of the stomachs or the

number of empty stomachs were reported.

Hanna (1951) recorded fur seals in the Gulf of

the Farallons during February and April. Seals

were described as competitors with W. I. Follett

as he dip-netted for myctophid fish ( Tarleton-

heania, Symbolophorus), sablefish (Anoplo-

poma fimbria), and red Irish lord (Hemilepido-

tus hemilepidotus). Hanna also theorized that

fur seals, porpoises, and sea birds were all feed-

ing on pteropods (Mollusca).

More recently 437 stomachs from pelagic fur

seals taken off California were examined (Ma-

rine Mammal Biological Laboratory 1969). An-

chovy, saury, hake, and squid constituted 98

percent of the total food volume.

Scheffer (1950a) reviewed the dietary litera-

ture on fur seals. He presented data on only two

northern fur seal stomachs from California, one

of which contained an unidentified bird and the

other had fed on Pacific saury (Cololahis saira).

Fur seals found on California beaches usually

have little food in their stomachs. Likewise a fur

seal from Southeast Farallon Island contained

no food in its stomach (REJ 212), but had seven
isopods (Riggial) which are external parasites

on fish. One beach-cast fur seal had 7 beaks of

the common squid and 12 northern anchovy
otoliths in its stomach (REJ 243).

Phocoena phocoena, Harbor porpoise

Although the diet of harbor porpoises in Cal-

ifornia waters is poorly known, herring, small

cods, soles, and squid are food items of harbor

porpoises generally (Ridgway 1972). Scammon
(1874) wrote, "They feed upon fish, and are oc-

casionally taken in seines that are hauled along

the shores of San Francisco Bay by the Italian

fishermen.""

Harbor porpoises seldom are sighted more
than 20 miles (about 32 km) offshore and usually

are seen near harbor entrances (Fiscus and Nig-

gol 1965). Local fish abundance and seasonal

fish movements affect the diet of these porpoises

(Rae 1965).

In Scottish waters, Rae (1965) examined 45

porpoises from November to March and 7 ad-

ditional ones in the summer months. A few in-

vertebrates were found which Rae thought might

have been taken incidentally with other food

items. Fish or fish remains were recognized in

41 of the 43 stomachs with recognizable food.

One of the two remaining stomachs contained

milk and the other the remains of a very small

cephalopod. Ten species of fish were present,

with herring (Clupea harengus) and whiting

(Gadus merlangiis) the most common. Most fish

were less than 25 cm in length, with the largest

individuals 35 cm. These harbor porpoises had

been trapped in nets set for cod or salmon.

British naturalists have recorded food habits

of harbor poipoises in the North Sea for more

than 100 years, and small fish, mainly clupeoids

(65 percent) and gadoids (30 percent), consti-

tute the major foods taken (Rae 1965). Rae con-

cluded that harbor porpoises take pelagic forms

of fish. Tomilin (1957) found benthic fish pre-

dominating in the diet of harbor porpoises from

the Black Sea and Sea of Azov. In a study in

the Bay of Fundy, small schooling fishes (Clu-

pea harengus, Gadus morhua. Scomber scom-

brus) were principal food items for harbor por-

poises (Smith and Gaskin 1974). These schooling

fishes accounted for 78 percent of the total diet.

Tomilin (1957) listed dietary items of harbor

porpoises in the Black Sea, where 4000 stom-
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achs were inspected. These porpoises fed upon

eight benthic species and six pelagic species of

fish. The pelagic fish were consumed when they

occurred in large dense schools. One of two har-

bor porpoises found at Pt. Barrow, Alaska, con-

tained bones of whitefish (Leucichthys) (Hall

and Bee 1954). Pike and MacAskie (1969) re-

ported a Canadian harbor porpoise caught in a

gill net. This animal had one herring in its stom-

ach.

Scheffer (1953) inspected a female poipoise

from Grays Harbor County, Washington, which

had fed on 37 capelin. Its death apparently was

caused by an American shad blocking its throat

passages. Five years earlier Scheffer had found

on the same beach another porpoise which also

had choked to death on a fish. A female porpoise

from Port Townsend, Washington, May 1950,

had eaten five Pacific herring (Wilke and Ken-

yon 1952).

Orr ( 1937) reported that a porpoise apparently

choked to death on a gray smoothhound shark

{Mustelus californicus). This single report of

sharks as a food item may be abnormal. Fink

( 1959) observed for 30 minutes several hundred

harbor porpoises feeding on a school of Pacific

sardines northwest of Pt. Pinos, Monterey Bay.

He vividly described the attack and herding of

the sardines, and counted from 5 to 12 fish eaten

by an individual poipoise in its attack through

the sardines.

In my study, juvenile rockfish constituted 71 .8

percent of the diet of harbor porpoises (Table

3). Five porpoises collected in June and July

contained 1017 rockfish otoliths. Northern an-

chovy was the second most frequent fish and

was found in seven porpoises from April to Au-

gust. Over two-thirds of all fish found in stom-

achs of harbor poipoises live in open water or

are inshore schooling species (Table 6). Juvenile

Pacific hake. Pacific tomcod, rockfish, and

northern anchovy accounted for 97 percent of

all stomach otoliths found during my investiga-

tion (Table 3).

Invertebrate remains were found in 8 of the

20 porpoises examined (Table 9). A total of 141

Lolii^o opaU'sccns beaks was identified from

168 cephalopod fragments. These beaks repre-

sent at least 92 individual cephalopods com-

pared to at least 712 fish represented by 1429

otoliths (Table 5). One harbor porpoise (CAS
2392) had 13 intact Lolii^o and an additional 35

pairs of beaks in its stomach. The intact bodies

of the 13 squids indicated harbor porpoises do

not chew this food item.

Phocoenoides dalli, DalTs poipoise

This porpoise is much more common than ear-

ly records indicate. Brownell (1964) reported its

occurrence in southern California waters in the

winter. Lustig (1948) saw 10 or 12 porpoises

feeding on baitfish, anchovy or sauries, on 13

July 1939, in the Anacapa Passage.

Deep-water benthic fish and bathypelagic ceph-

alopods were reported as major food items from

a large sample of DalPs porpoise stomachs from

Japan (Wilke and Nicholson 1958). Eleven per-

cent of the food volume was squid: Watasenia,

Oininastrephes, and unidentified genera. Myc-

tophidae (lanternfishes) composed 70 and 73

percent of the stomach contents in 1949 and

1952, respectively.

Cowan (1944) took five (3 males and 2 fe-

males) DalTs porpoise off the coast of British

Columbia in the summer of 1939. Four of the

five stomachs were full of herring. Pike and

MacAskie ( 1969) examined three males and two

females from British Columbia, and they too

found mostly herring or squid in three stomachs.

Scheffer ( 1953) recorded the stomach contents

of six Dall's porpoises from Monterey and

northward. These contained Pacific hake, squids

(LoHgo opolescens and unidentified species),

jackmackerel, and unidentified fish. Two Dall's

porpoises from Alaska had fed only on capelin.

Brown and Norris (1956) mentioned anchovy as

a food item of the Dall's porpoise. An adult por-

poise taken in southern California waters had

eaten at least 14 Pacific hake, 2 jackmackerel,

and 13 cephalopods (Norris and Prescott 1961).

These authors also noted the porpoise circling

amid schools of sauries, probably feeding. Fis-

cus and Niggol (1965) observed Dall's porpoises

off the north coast and collected five specimens

off Cape Mendocino, California. Three females

and one of the males had only squid beaks in

their stomachs; the stomach of the other male

was empty.

The Dall's porpoise is present in Monterey

Bay all year. Stomach samples, examined each

month, indicated that Pacific hake, rockfish, and

squid are important food items. Loeb (1972) ex-

amined 25 stomachs of Dall's porpoise from

Monterey Bay and found Pacific hake in 23,

squid in 16. Most of the cephalopods present
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were Loligo, with lesser numbers of Abraliop-

sis, Gonatus, Onychoteuthis, and Octopus. Pa-

cific hake, juvenile rockfish, and squid made up

93 percent of the total diet of the Dall's porpoise

from Monterey Bay (Table 5 in Loeb 1972).

On 28 June 1973, an immature female Dall's

porpoise was found on the beach north of the

University of California Marine Station at Bo-

dega Bay. Presumably this animal (REJ 670, 102

cm total length) was dependent on its mother for

nourishment, although no milk was noted in its

stomach.

I examined four adult Dall's porpoises (2

males, 2 females), and only two had identifiable

food remains. One (REJ 674) had 61 Pacific hake

otoliths representing 31 fish in its stomach, and

the other (CAS 2335) contained 6 juvenile Pa-

cific tomcod. The two other porpoises had emp-

ty stomachs (CAS 2384, REJ 678).

Loeb (1972) did not mention Pacific tomcod

as a dietary item from Dall's porpoises but did

note a wide variety of fishes (15 species) eaten

by Dall's porpoises from Monterey Bay. Pacific

hake have been reported as important food for

Dall's porpoise (Scheffer 1953; Norris and Pres-

cott 1961; Fiscus and Niggol 1965; Loeb 1972).

The hakelike fish (Laemoneiua, family Moridae)

occurs in the diet of Dall's porpoise from Jap-

anese waters (Wilke and Nicholson 1958).

No cephalopods were found in any of the five

Dall's porpoise stomachs from my northern Cal-

ifornia sample.

Delphinus delphis. Pacific common dolphin

Commondolphins seldom are sighted north of

the California-Oregon border and are rare be-

yond the 100-fathom (183-m) line (National

Oceanic and Atmospheric Administration 1974).

Four Delphinus stomachs collected off Califor-

nia contained fish and cephalopods (Fiscus and

Niggol 1965). One female had unidentified fish

otoliths and another stomach contained (by vol-

ume) 60 percent squid, 25 percent saury, and 15

percent northern anchovy. One male dolphin

taken at sea contained 90 percent Lolii>o and 10

percent saury. Another stomach contained 60

percent lanternfish (Myctophidae) and 40 per-

cent squid (Gonatus sp., 20 percent; Onycho-

teuthis sp., 10 percent; unidentified squid, 10

percent) (Fiscus and Niggol 1965).

Observations in California waters indicate

that common dolphins are present in inshore

waters throughout the year (Norris and Prescott

1961). The major foods seem to be sardines, an-

chovies, sauries, small bonito, and squid (Norris

and Prescott 1961).

Schmidt (1923) removed 15,191 otoliths from
the stomach of one Delphinus. These otoliths

represented five species of small fish (7596 in-

dividuals). Frost (1924) looked at 4338 of these

same otoliths and identified six species in three

families. Myctophid fish accounted for 4324 of

these 4338 otoliths. The fishes represented prob-

ably did not constitute a "full" meal for this

dolphin (Fitch and Brownell 1968).

Many common dolphins stranded in southern

California had empty stomachs (Robert Brow-
nell, Jr., Smithsonian Institution, pers. comm.
[1970]). Fitch and Brownell ( 1968) examined two
which had 133 and 119 otoliths. Anchovy re-

mains (141 sagittae) were the most abundant.

One dolphin had eaten 63 fishes representing six

families. Anchovy, myctophids, and saury were

represented in the other common dolphin ex-

amined. These authors speculated that both

Lai>enorhynchus and Delphinus feed on meso-

pelagic fish at depths exceeding 120 m(Fitch and

Brownell 1968).

The Pacific common dolphin (CAS 2340) I ex-

amined had 1 1 otoliths assigned to two species;

medusafish (Icichthys lockingtoni) and an os-

merid. This specimen also had four Loligo

beaks. Medusafish are most abundant around

jellyfish and in the upper 150 ft (ca. 46 m) of the

ocean (John Fitch, California Dept. of Fish and

Game, pers. comm. [1973]). Apparently this dol-

phin had fed near the surface.

Lagenorhynchus obliquidens,

Pacific white-sided dolphin

This dolphin has received careful attention

from west coast biologists during the last 25

years (Scheffer 1950b, 1953; Brown and Norris

1956; Houck 1961; Norris and Prescott 1961).

These authors reported sardine. Pacific herring,

salmon, northern anchovy, "scad" (=jack-

mackerel). Pacific saury, squid, and jellyfish

remnants as food items (Table 8).

Large feeding aggregations of California sea

lions, elephant seals, common dolphins, and Pa-

cific white-sided dolphins have been observed

by various authors (Norris and Prescott 1961;

Fiscus and Niggol 1965). Mixed schools of com-

mon and white-sided dolphins have been noted
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Tables. Stomach Contents of Lciiienorhxiuhus ohliquUlens from the West Coast of North America (Caiifornia)

Locality Sex Date Source Type of contents

w Trinidad
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dae—form B ( 13), and unidentified beaks (2). No
fishes have been found in any Risso's dolphin.

I examined a single specimen at Southeast

Farallon Island on 20 May 1973. All standard

measurements (275 cm total length) were taken,

and the reproductive tract, blood sample, and

complete skeleton were saved. No parasites

were discovered, but a goose-neck barnacle

{Pollicipes polymerus) and a single hydroid

(Aglaophenio latirostris) were in the stomach.

Orr (1951) theorized that such material is swal-

lowed incidentally as the animal thrashes close

to shore. The barnacle and hydroid reported

here were probably accidentally ingested. Both

kinds of invertebrates are plentiful on the inter-

tidal shores of the Farallon Islands. Hatler

(1971) reported that plant material seems to be

an "herbal remedy" in Grampus. Risso's dol-

phin is probably an invertebrate feeder like

Globicephala, which eats only squid as reported

by Sergeant and Fisher (1957). Grampus lack

teeth in the upper jaw and may feed solely on

soft invertebrates.

Kogia simus, Dwarf sperm whale

Brownell obtained three dwarf sperm whales

from Japanese waters. Although a good com-

parative collection of Japanese fishes was lack-

ing. Fitch and Brownell (1968) presented a table

indicating that 18 different species of fish in 7

families were in the stomachs. Because two

families (Macrouridae and Moridae) are inhab-

itants of deep water, these authors speculated

that Kogia feeds 800 ft (244 m) or more beneath

the surface. Other authors have stated that most

specimens of Kogia had eaten cephalopods or

pelagic crustaceans (National Oceanic and At-

mospheric Administration 1974).

Scheffer and Slipp (1948) examined a male

pygmy sperm whale specimen from Washington.

It had 500 cc of nematodes and food fragments

in its stomach; 11 eye lenses (including 5 from

squid), 15 squid beaks, 21 otoliths of an uniden-

tified fish, 1 crab limb, maxillary bones of 2

specimens of Trichodon (?), and fragments of

shrimp Pasiphaea, Pamlalus, Pandalopsis.

Kogia has a discontinuous distribution and is

rather poorly known from the west coast. Few
have been seen alive. Beach-cast specimens

have provided material for anatomical, taxo-

nomic, and distributional studies, but essentially

nothing is known of its life history (Handley

1966).

Because of difficulty of identification prior to

Handley's work (1966), most earlier literature

could apply to either the pygmy sperm whale
(A^. breviceps) or the dwarf sperm whale. Only
in recent studies can identification be trusted.

One K. simus recovered at Thorton Beach,

San Mateo County, by the California Academy of

Sciences (CAS 2382, male, 204 cm total length)

contained 217 beaks representing 1 12 individuals

of these families: Octopoteuthidae, Onycho-
teuthidae, Enoploteuthidae, Histioteuthidae,

Gonatidae, Chiroteuthidae. In addition, a single

pair of otoliths in its stomach was from a plainfin

midshipman (Porichthys). This is the most
northern record of Kogia simus along the west

coast.

Discussion

Statements about marine-mammal diets fre-

quently have been vague and misleading and

give a false impression of the role these animals

play in the marine ecosystem. Much more in-

formation is needed to understand predator-prey

relationships in California waters (Steele 1970).

California waters are rich in commercially im-

portant fishes, and these fishes are well studied.

However, it is also pertinent to consider the

stocks of noncommercial fishes and the dynam-

ics of such populations. The distribution of both

predator and prey, including the availability of

the latter throughout the year, is of prime im-

portance.

Adult marine mammals are usually migratory.

The causes of these movements are largely un-

known, but to some extent marine mammals re-

spond to the seasonal abundance of food. The

breeding cycle and its influence on food gath-

ering have not been studied. The smaller whales

are not associated with breeding rookeries as are

pinnipeds. Cetaceans constantly search for prey

and apparently lack the feeding-nursing cycle

characteristically found in seals and sea lions.

The behavior and feeding techniques of all

marine mammals are poorly documented. Es-

cape strategies of prey species are not well

known. The sheer abundance of smaller prey

items allows the escape of some individuals from

predators. Some fishes and invertebrates reduce

predation upon themselves by camouflage or

disguise. Armor and spines must also help some

prey to reduce losses. Representatives of the

following common families of fishes were com-

pletely absent from the marine mammal stom-
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Table 9. Stomach Contents of Marine Mammals Found in this Study (volume of drv fish bones, cephalopod

identification, and miscellaneous items).

Field number

Zalophus

68-40

317 LGB
647

660

662

664

665

666

667

685

686

692

244

Euinetopias

69-8

247

249

629

6.37

655

675

677

688

699

PIlOCCI

69-24

646

671

696

CallorhiiJKs

243

nelphiinis

CAS 2.M()

Lagenorlwinhiis

HSC68-9

237

652

Phocoena

241

450

653

661

673

Fish bones

(cc)

950

400

35

4000

trace

250

30

5

trace

120

-Polinices shell.

Ulva. eelgrass

820

45

600

2850

240

3200

trace

40

10

400

7—external fish

isopods (/?/;,'!,'(« '!')

1 —rock

5—rocks, trace

Cephalopod beak'

Upper

1

79

Lower

17

75

1

3

1

1

66

1

Identification

Octopus sp.

Octopus sp.

L. opalescens

L. opalescens

Octopus sp.

L. opalescens

Chiroteuthis

L. opalescens

L. opalescens

Octopus sp.

L. opalescens

Onvchoteuthis

Octopus sp.

Octopus sp.

Octopus sp.

L. opalescens

L. opalescens

Ahraliopsis

Octopoteulhis

L. opalescens

unknown Gonatidae

Onvchoteuthis

L. opalescens

Gonatus sp.

opalescens

opalescens

opalescens

opalescens

opalescens
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Tabi E 9. Continued.

Field number

Fish bones
Cephalopod beaks

Upper



430 PROCEEDINGSOFTHE CALIFORNIA ACADEMYOF SCIENCES, Vol. 42. No. 16

Phocoena fed heavily on rockfish, anchovy, and

juvenile Pacific hake. Most of these fishes are

semi-pelagic, small, and probably occur near the

surface. The recoveries of harbor porpoises

were limited to the period April to September

and therefore do not reflect a year-round dietary

sample. These porpoises prey extensively on

Loligo, which is present throughout the year.

Lagenorhynchus associates with many other

species of marine animals and perhaps feeds on

a wide variety of prey. Data from this study

(Table 8) indicate that white-sided dolphins are

generalized feeders. Osmerids and midshipmen,

representing two distinct habitats (inshore

schooling and bottom-dwelling), were major

food items. Although midshipmen live from the

intertidal regions to a depth of 170 fathoms

(about 311 m), they also leave the bottom in

search of food (Fitch and Lavenberg 1971). We
do not know where or when this fish is eaten,

but it is an important component in the diets of

all marine mammals studied.
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